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Specifications 

(54) <Name of lnvention> 

Cleaning Method 
(57) <Absiract> 



<Purpose> 

This invention is designed to improve the uniformity of the ashing process in which organic matter such 
as resist is removed in order to increase the level of throughput. 
<Constitution> 

A water tank that can be heated for thepur pose of deliyerin RjALater_Yap(3r.js.^^^^^ so that ozonec an 

be delivered along with water vapor that already contains the latent heat of evaporation. 

^^^^^^^^^^^^^ ^ — - — _ i ^ 

<Effect> 

Since moisture does not make direct contact with the wafer, there is no excessive cooling of the wafer 
due to the latent heat of evaporation. Since water that is used to mtroduce mGiSture into the ozone is heated, 
there is no cooling of the water tank or the ozone gas due to the latent heat of evaporation, and for this reason, 
no partial cooling of the wafer occurs. As a result, uniformity is achieved with regard to the velocity distribution 
of removal, making it possible to improve throughput. 

Figure 1 
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<Claims> 
<Claim 1> 

A cleaning method is characterized. by a removal process in which ozone and ultraviolet light are used to 

/ — . ■ 

decompose and vaporize organic matter. Specifically, water or hydrogen peroxide is delivered in the form of a 
gas that contains latent heat of evaporation onto the surface of a material that is being treated. 
<Detailed Description of the Invention> 

r 

<0001> 

This invention is related to a method for cleaning glass or silicon wafers, wherein a masking process is 
used and organic m.atter such as photoresist is converted into a gas-form, so that it can be €leaned-awayJrGaii__ 
said wafer. 
<0002> 

<Industrial Field of Application> 

This invention is used in the removal of resist following a masking process, or in the removal of organic 
contaminants from a processed surface during the manufacture of semiconductor devices or when cleaning is 
conducted for optical glass or other glass materials used for liquid crystals. 
<0003> 
<PriorArt> 

Methods for conducting ashing removal of organic matter through the use of active oxygen atoms that 
are created when ozone is decomposed have been known for many years, as indicated in Patent No. S58-015939 
[1983]. Furthermore, efforts to improve removal performance, as indicated in Patent No. HOl-179327 [1989], 
have become known in which ozone is delivered along with water. However, in the case of the aforementioned 
Patent No. HOl-179327, one point that is not considered is the fact that the moisture that is delivered robs the 
surface of the material being treated of the latent heat of evaporation, causing a drop in the surface temperature 
of the treated material. Another point not considered is that in the case where water vapor that has been obtained 
by passing ozone through water is delivered along with ozone, the latent heat of evaporation is stolen from 
within the water, causing a drop in the water temperature and a reduction in the amount of water vapor as well 



as cooling of the ozone gas. Particularly in the case of low-temperature treatment processes, these points lead to 
partial cooling of the surface of a treated material, resulting in a significant level of non-uniformity with respect 
to the velocity distribution of removal. 
<0004> 

<Problem to Be Solved by the Invention> 

The purpose of this invention is the delivery of moisture in a state in which it contains latent heat of 
evaporation and in a manner in which the delivery amount is usually constant. This is necessary in order to 
prevent a significant amount of variance in temperature distribution along the surface of a treated material such 
that the removal performance can be improved, particularly in the case of low-tem^perature treatm.ent processes. 
<0005> 

In the case of cleaning methods conducted through the use of ozone and ultraviolet light, it cannot be 
ignored from the standpoint of throughput that the cooling of the surface of a material being treated due to the 
blowing- of the gas as it is delivered during low-temperature treatments of 200°C or lower has an adverse effect 
on uniformity with respect to the velocity distribution of removal. Accordingly, it is possible to consider heating 
the gas, but due to the fact that ozone can easily undergo thermal decomposition when heated at a temperature 
of approximately 200''C, as well as the fact that the lifetime of active oxygen atoms that are obtained through 
decomposition at atmospheric pressure is extremely short, excessive heating of areas in which moisture has 
been introduced is unsuitable, and therefore the heating of ozone needs to be treated with the greatest possible 
care. In short, when excessive heat is applied from a position that is far away from the surface of the material 
being treated, it will not reach the surface in the form of active oxygen atoms, and at the same time, this will 
end up causing a drop in the concentration of ozone along the surface, which will lead to a drop in the velocity 
of removal. 
<0006> 

<]V]eans for Solving the Problem> 

Before moisture is introduced to the ozone, an amount of heal that matches the latent heat required for 
evaporation of the moisture to be delivered is provided externally. This evaporated water is introduced into the 



ozone stream and sufficiently mixed with the ozone before it is delivered to the surface of the material being 

treated. 

<0007> 

<Operation> 

Since the water vapor that is delivered already contains latent heat of evaporation, there is no robbing of 
the latent heat from the treated material, and excessive reduction in the temperature of the material is prevented. 
Furthermore, since there is also no cooling of the ozone due to any loss of latent heat within the water, the 
surface temperature distribution of the material being treated is not excessively disturbed, which makes it 
possible to improve the velocity distribution of the treatm.ent. 
<0008> 

<Embodiment> 

As a method for removing a resist film after a mask has been used ori a wafer during the production of a 
semiconductor device, ultraviolet light and ozone are applied to the resist under atmospheric pressure 
conditions, and the resist, which is a form of organic matter, is decomposed to form a gas such as CO2 or H2O. 
Figure 1 is a conceptual drawing of a device that is provided for the sake of explaining this embodiment. 
<0009> 

A raw material oxygen gas flows through the narrow space between dual cylinders made from quartz, 
and ozone is formed by the ozone generator 1 when an electrical discharge is provided between these dual 
cylinders. This ozone is then introduced into the water vapor delivery tank 3 via the A-pipe 2. Purified water or 
hydrogen peroxide is then delivered to said water vapor delivery tank by means of a fixed-quantity supply 
device 4, and a heater A5 is built into said water vapor delivery tank 4 [sic; should be 3] for the sake of 
maintaining a constant water temperature. The water vapor 6 that rises from the water surface within said water 
vapor delivery lank 4 [sic; should be 3] enters the air stream 1, which contains the ozone that has been 
introduced into said water vapor delivery tank 4 [sic; should be 3], and is then sent to multiple gas delivery 
nozzles 9 via the B-pipe 8. Said B-pipe 8 is maintained at a temperature thai prevents condensation of the water 
vapor thai has been delivered. 



<0010> 

The multiple gas delivery nozzles 9 noted above are welded to a flat plate 10 made of composite quartz 
such that they are allowed to pass through the plate, and each nozzle is placed such that it avoids the center of 
rotation and is not located at the same turning radius of any of the other nozzles. 
<0011> 

A bend occurs at the plane surface of the aforementioned flat plate 10 where the nozzles are located, and 
low-pressure mercury lamps 11 are installed in the form of luminescent tubes made of composite quartz in order 
to make it possible to provide planar irradiation. Said low-pressure mercury lamps 1 1 are stored within a lamp 
housing 12 made of aluminum that has undergone alumite finishing. An inactive gas such as nitrogen is 
introduced into said lamp housing 12 to prevent ozone from being generated along the circumference of the 
luminescent tubes. 
<0012> 

The surface 13 (polished surface) on the opposite side of the flat plate 10 where the nozzles are located 
is polished to a fine, flat finish. A revolving stage 14 which has a built-in heater and can move up and down is 
installed to the front of said finely polished surface 13. The portion of this stage 14 onto which the wafer is 
loaded is equipped with a thin flat plate 15 made of quartz in order to prevent direct contact between the wafer 
and the metal stage. In order to provide proper adhesion of the wafer to the stage, vacuum suction is applied to 
the wafer via the aforementioned thin flat plate 15. 
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i:0Q13> 

The loading and unloading of the wafer 21 onto the stage 14 is performed by a transport robot (not 
shown) via the transport window 17, which can be opened and closed, installed on one side of the treatment 
chamber 16 that encloses the stage. When this occurs, the stage is moved up and down in order to allow the 
wafer suction surface of the robot to make contact with the rear surface of the wafer. Furthermore, at the same 
time that the reactive gas passes from the aforementioned multiple gas delivery nozzles onto the wafer in a 
uniform and high-speed fashion, the gas-flow gap 22 between the wafer surface and the aforementioned finely 
polished surface is narrowed so that the active oxygen atoms, which have a short lifetime, can be effectively 
applied to the wafer surface as this reactive gas flows into the treatment chamber. While the wafer 21 turns due 
to the rotation of the stage during the treatment process, the ultraviolet light is irradiated over the total surface 
along with the delivery of the reactive gas in order to provide a uniform application. 
<0014> 

A duct 18 is installed within the aforementioned treatment chamber 16 for the discharge of residual 
ozone, which is converted to oxygen through the use of a resolving device 19 and is then emitted into the 
atmosphere along with air. 
<0015> 

<Effect of the Invention> 

This invention provides latent heat of evaporation prior to the point at which added moisture makes 
contact with the surface of a wafer. Moreover, since a loss of latent heat due to the combination of ozone with 
moisture is prevented, there is no cooling effect from the water, and as a result, partial cooling of the wafer 
surface upon delivery of the reactive gas can be prevented to any great extent, making it possible to conduct a 
uniform resist removal treatment operation and provide an improvement in the level of throughput. 
<Simp]e Explanation of the Drawing> 
<Figure 1> 

This is a conceptual diagram that is used for the purpose of explaining the embodiment of this invention. 
<Exp]anaiion of Symbols> 



1 ; ^ ^ Ozone generator 

2: A-pipe 

3: Water vapor delivery tank 

4: Fixed-quantity supply device 

5: Heater A 

6: Water vapor (or water vapor containing hydrogen peroxide) 

7: Ozone air stream 

8: B-pipe 

9: Gas deliver>' nozzles 

10: Flat plate made of composite quartz 

1 1 : Low-pressure mercury lamps 

12: Lamp housing 

13: Polished surface 

14: Stage 

15: Thin flat plate made of quartz 

16: Treatment chamber 

17: Transport window 

18, 20: Ducts 

21: Wafer 

22: Gas-flow gap 



<Figure !> 
Figure 1 



